Article abstract-We identified nine children with a leukoencephalopathy of similar type according to clinical and MRI findings. The patients included three affected sibling pairs. The age range was 3 to 19 years. The onset of the disease was in childhood; the course was both chronic-progressive and episodic, There were episodes of deterioration following infections and minor head traumas, and these could result in unexplained coma. In eight patients with advanced disease, MRI revealed a diffuse cerebral hemispheric leukoencephalopathy, in which increasing areas of the abnormal white matter had a signal intensity close to that of CSF on all pulse sequences. In one patient in the early stages of disease, initial MRI showed diffusely abnormal cerebral white matter, which only reached the signal characteristics of CSF at a later stage. In the patients in whom the disease was advanced, magnetic resonance spectroscopy (MRS) of the white matter showed an almost complete disappearance of all normal signals and the presence of glucose and lactate, compatible with the presence of mainly CSF and little brain tissue. Spectra of the cortex were much better preserved. However, in addition to the normal resonances, there were signals representing lactate and glucose. MRS of the white matter in the patient whose disease was at an early stage was much less abnormal. Autopsy in one patient confirmed the presence of extensive cystic degeneration of the cerebral white matter with reactive change and a preserved cortex. Typical involve ment of pontine tegmental white matter was suggested by MRI and confirmed by autopsy. The disease probably has an autosomal recessive mode of inheritance, but the basic metabolic defect is not known.
MR spectroscopy with short echo times. Radiology 1996; 199: 805-810. 49. Tracey I, Carr C, Guimaraes A, Worth J, Navia B, Gonzalez R. Brain choline-containing compounds are elevated in HIVpositive patients before the onset of AIDS dementia complex: a proton magnetic resonance spectroscopic study. Neurology 1996;46:783-788. Results* Clinical profiles. The clinical data are summa rized in table 1 . A full description of two representative patients is presented below. Patient 1 is a female, born in March 1987, first child of healthy, unrelated parents. Initial psychomotor develop ment was normal. She could walk independently at the age of 15 months, but her gait was never quite stable. At the age of 2Y2 years, motor coordination deteriorated within the course of a few weeks. She stopped speaking. Recur rent vomiting occurred. Behavioral changes were present with irritability and screaming. The girl became apathetic, somnolent, and, finally, comatose. Over a period of a few months she made a partial recovery. The subsequent course of the disease was characterized by episodic deteri oration following minor infections, usually of the upper respiratory tract, accompanied by fever. During these epi sodes, she sometimes had tonic-clonic seizures. On several occasions, the deterioration led to recurrent vomiting and lowering of consciousness. She died in November 1993 dur ing her fourth coma, which followed a urinary tract infec tion with fever.
The neurologic findings in the course of her disease included normal eye movements, no nystagmus, prominent cerebellar ataxia, dysarthria, and some spasticity with brisk tendon reflexes and extensor plantar reflexes. She remained nor mo cephalic. She developed optic atrophy at the age of 5 years. There was no clinical evidence of pe ripheral nerve involvement. Mental functions were better preserved than motor functions. Patient 2 is the younger sister of patient 1, born in August 1989. Her psychomotor development was slightly retarded. She walked independently at the age of 2 years. Her gait was mildly unstable and gradually deteriorated within a matter of months. At the age of 2Vfe years, she fell off the couch and was unconscious for a few minutes. On regaining consciousness, her gait had become less stable. She recovered within a few weeks. Another fall from the couch 3 months later immediately resulted in decreased stability and loss of the ability to walk independently, which she never regained. The subsequent course of dis ease was characterized by chronic-progressive and some times stepwise deterioration of motor coordination and vi sion, but she did not suffer episodes of major deterioration or coma. She had infrequent epileptic seizures. In April 1995 she had a minor upper respiratory tract infection, which was followed by rapid deterioration and loss of mo tor function, frequent vomiting, epileptic seizures, and coma. She died in June 1995 after prolonged coma.
The neurologic findings in the course of her disease included normal eye movements, no nystagmus, severe cerebellar ataxia, and some spasticity with brisk tendon reflexes. Head circumference was normal. She developed optic atrophy at the age of 4 years. There was no clinical evidence of peripheral nerve involvement, and mental functions were relatively preserved.
Laboratory investigations. Many of the laboratory tests were performed only in the first of two affected sib lings within one family.
In all patients, routine blood tests with assessment of liver function, renal function, glucose, capillary blood gases, calcium, and phosphate were normal. There was no evidence of an autoimmune disorder (patient 1). Lumbar puncture, performed either during an episode of coma or subcoma (patients 1, 3, 5, and 7) or in a period of relative stability (patients 2, 5, 6, 7, 8, and 9) revealed normal CSF protein level, cell count, glucose, IgG index, lactate, and pyruvate, and no evidence of oligoclonal banding. Some elevation of CSF lactate was found only in patients 3 and 7 during episodes of deterioration, but the level returned to normal as they improved. In patient 1, some elevation of CSF protein was found once during an episode of deterio ration. CSF level of MBP was normal in patient 3 and elevated during a period of deterioration in patient 7, re turning to normal after clinical improvement. CSF GAB A (patient 2) and 5-HIAA and HVA (patients 3 and 7) were normal. Active infection with Borrelia burgdorferi (pa tients 1 and 7), neurotropic viruses (patients 1, 3, 7, and 8), 
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" ' /■ ■ ■ : ' . der. In other patients, the ventricular lining was quite clear, whereas all or most of the white matter was other wise indistinguishable from CSF (see figure 2 ). In some patients, a fine mesh work of residual strands of brain tissue was seen in the areas of CSF-like white matter ( figure 1A) .
Only the first MRI of patient 9, obtained before the development of somatic neurologic abnormalities, was dif ferent. The cerebral white matter had a homogeneous high signal intensity on both PD and T2W images, Repeat MRI obtained after onset of somatic neurologic deterioration showed that parts of the cerebral white matter now had a lower signal intensity on PD images, close to that of CSF, In most patients, the white matter appeared mildly swollen with some broadening of gyri, particularly in pa tient 5 (see figure 2 ). The lateral ventricles were mildly to moderately enlarged in patients 3, 4, and 5, but they were normal in the others. The inner rim of the corpus callosum was involved in all patients except patient 3, whereas the outer rim of the corpus callosum was spared in all but patient 5. The posterior limb of the internal capsule was affected in patients 1, 5, 7, and 8; the anterior limb was spared in all patients. The signal intensity of the cerebel lar white matter was mildly elevated in all patients on both PD and T2W images. All patients except number 9 had some cerebellar atrophy, particularly involving the vermis. Both cerebellar vermis and hemispheres were highly atrophic in patient 5, who also showed atrophy of the brain stem. A striking finding in all patients except numbers 3 and 5 consisted of two symmetrical high signal intensity dots in the pontine tegmentum on PD and T2W images (figure ID). Pyramidal tracts in pons and mesen cephalon were involved in patients 1, 3, 4, and 9. A cavum septi pellucidi and cavum vergae of variable size were present in all but patients 8 and 9. No signal abnormalities were seen in gray-matter structures.
On follow-up, MRI was unchanged in patient 4, showed an increase in CSF-like white-matter areas in patients 1, 3, 7, and 9, and showed an increase in cerebellar atrophy in patients 1, 5, and 7.
Magnetic resonance spectroscopy. In patients 3, 4, 5, and 7, MRS was performed when the disease was in an advanced stage. The spectroscopic findings were similar.
Well-defined spectra were obtained from the voxel con taining mainly cortex (table 2). The PRESS spectra, ob tained with an echo time of 135 msec, showed a decreased In patient 9, white-matter spectra were obtained soon after the onset of neurologic deterioration and revealed well-defined peaks of near-normal height. Relative to Cr, NAA was mildly decreased and Cho mildly increased. No evidence of elevated resonances at 1.33, 3.43, and 3.8 ppm was found.
Histopathologic findings. In the case of patient 2, a full autopsy was performed. An extensive bronchopneumo nia with alveolar hemorrhage and edema was found to have affected both lungs. Some hepatic steatosis was present. There were bilateral streak ovaria. Otherwise, body autopsy findings were unremarkable.
Brain weight was 1,224 grams. External examination of the fixed brain revealed some swelling of the surface with flattening of gyri. No cingulate or hippocampal herniation or grooving was noted. Coronal sections of the brain re vealed diffuse abnormality of the cerebral hemispheric white matter, which was partly gelatinous and partly cys tic (figure 5). A fine meshwork of residual tissue strands was observed within some of the cystic areas. Cerebral cortex, basal nuclei, thalami, brain stem, and cerebellar white matter were macroscopically preserved.
On microscopic examination, the cerebral cortex ap peared almost entirely normal with normal neuronal ar-850 NEUROLOGY 48 April 1997 probably has pathophysiologic sig nificance, but is unexplained. We have not observed similar changes in other demyelinating or neuronal degenerative disorders. White-matter spectra con tained only minor "normal" signals originating from remnants of brain tissue, and small "extra" reso nances representing lactate and glucose, which are normally present in CSF. The white-matter spectra are consistent with the presence of mainly CSF and little brain tissue.
Histopathology demonstrated an extensively cavitating leukoencephalopathy. The white matter be tween the ependyma and U-fibers had largely disap peared and was replaced by CSF. In some areas, there was a meshwork of residual tissue strands. In areas where the white matter structure was rela tively better preserved, signs of myelin loss, spongy degeneration, astrogliosis, and macrophage prolifer ation and activation were present. On the basis of these histopathologic findings, we cannot determine whether there was initial hypomyelination, but there was definitely a component of active demyelination. Based on two brain biopsies, Schiffmann et al.12 con cluded that the myelin paucity was a consequence of both hypomyelination and demyelination. This con clusion would be compatible with our MRI and au topsy findings. Diagnostic criteria. We propose the following cri teria for diagnosis of this disease:
(1) Initial psychomotor development is normal or only mildly delayed.
(2) Early-childhood onset of neurologic deteriora tion with episodic and chronic progressive course.
Episodes of deterioration may follow infection and minor head trauma. Deterioration may lead to leth argy or coma.
(3) Neurologic signs mainly consist of cerebellar ataxia and spasticity. Optic atrophy may develop but is not obligatory. Epilepsy may occur, but is not prominent. Mental abilities are relatively better pre served than motor functions.
(4) MRI indicates symmetrical involvement of the cerebral hemispheric white matter; part or all of the white matter has a signal intensity similar to CSF on PD, T2W, and TX W images. Cerebellar atrophy varies from mild to severe and primarily involves the vermis.
The diagnosis can be made on the basis of these four obligatory criteria. MRS can be used as addi tional evidence for the disease. White-matter X H MR spectra resemble CSF spectra, showing the presence of only some lactate and glucose, and the lack of most or all normal signals. Cortex spectra maintain a more normal appearance, apart from variably ele vated lactate and glucose.
These criteria may not allow a definite diagnosis in a presymptomatic or early symptomatic stage of the disease, unless there is another child with a def inite diagnosis within the family. However, until a diagnostic biochemical or DNA test is available, the diagnosis will eventually be reached with repeat MRI (and MRS). We initiated a linkage-analysis study to determine the possibility of a DNA-based diagnosis.
